Background: Invasive meningococcal disease (IMD) is a potentially fatal disease occurring all over the world. It affects predominantly young children, adolescents and young adults. However, even today cases are missed and there may be a delay in diagnosis and treatment leading not only to a fatal outcome but also to large scale epidemics. Materials and methods: An extensive review of literature was done to describe the history, microbiology, global epidemiology, transmission and risk factors, pathogenesis, clinical features, management, prognosis, care of relatives and close contacts, prevention by the current vaccines available in the world and in India. Results: Invasive meningococcal disease was first described in 1805 in Sweden. Subsequently periodic epidemics continue to occur all over the world. Globally it is present in more than 80 countries. Currently 12 known serotypes are described with a complex microbiology which helps the bacteria to not only survive in the human nasopharynx but also to adhere to and invade the meninges and the blood stream and present as meningitis, meningococcaemia or both. Due to its capacity to produce various toxins and ability to survive destruction by the host immune system, it produces a number of clinical manifestations in a short time. Being potentially fatal, death in such patients can occur in a matter of hours. Microbiological diagnosis is difficult as the organism is fastidious and requires special conditions for growth and can explain the poor microbiological results worldwide. However attempts to culture the bacteria should be made from all available sites such as cerebrospinal fluid, blister fluid, blood and even skin biopsy specimen. The cornerstone of management is aggressive treatment with antibiotics, and other supportive care. Complications are common during the course of the infection and one must anticipate and tackle them aggressively and at the appropriate time. A large number of sequelae can occur in spite of optimal management. Prophylactic antibiotics in the care-givers and relatives is extremely important for short term protection. Long term protection of the community as well as of care-givers and close relatives is by vaccination. A number of effective vaccines have been developed over the years for the prevention of this deadly infection. Vaccine cost remains a major hindrance to universal vaccination. Conclusion: Invasive meningococcal disease exists all over the world. It is important to be able to correctly recognize these patients for early and aggressive management. Prevention by vaccination remains the best public health measure to tackle this deadly infection.
IntroductIon
Invasive meningococcal disease (IMD) is a rapidly progressive serious disease with varied presentations. It poses a major public health threat because of its global distribution, inherent potential for causing major epidemics predominantly among very young children, and also the adolescents and young adults, and because of the high case-fatality rate and morbidity in survivors. Globally, it is present in more than 80 countries. 1 The disease pattern varies widely by region. Epidemic meningococcal disease occurs commonly in sub-Saharan Africa (also designated as the "meningitis belt") and many parts of Asia and India. Early and prompt antibiotic treatment along with supportive therapy is needed. The outcome of the disease depends on how fast the patient was brought for medical care ("house to hospital time"), and also on how fast the first dose of antibiotic was administered ("door to needle time"). Clinicians need to be on the alert and look out for meningococcal infections as the incidence of IMD is rising along with a global reduction in the incidence of both Hemophilus influenzae (H. influenzae) and pneumococcal meningitis following the introduction and use of the H. influenzae and pneumococcal vaccines across the globe.
Neisseria m e N i N g i t i d i s -MIcrobIology
The genus Neisseria was named after Albert Neisser who first observed the diplococcus in leukocytes in urethral exudates from patients who had gonorrhea in 1879. 5 Of the various species of Neisseria, which cause disease in humans, N. gonorrhoea and N. meningitidis cause significant disease in men. Genomic sequencing has categorized N. meningitidis as α-proteobacteria related to Bordetella, Burkoholderia, Kingella, and Methylomonas and more distantly related to Vibrio, Haemophilus, and Escherechia coli. 6 Neiserria meningitidis, the causative organism for all forms of meningococcal disease, is an intracellular, aerobic, nonmotile organism ( Fig. 1 ). It harbors two enzymes-oxidase enzyme and catalase enzyme. Neiserria meningitidis grows best in a humid atmosphere with 5-10% carbon dioxide and a temperature of about 89.6-98.6°F, pH of 7-7.5. The organism can be cultured in blood agar as well as chocolate agar media where they grow as colonies measuring 1-2 μm in size ( Fig. 2) . Microscopically, the bacteria are seen as gram-negative cocci typically in pairs (diplococci) and occasionally in tetrads or clusters. The bacterium possesses a cytoplasmic inner membrane, a thin peptidoglycan layer and an outer membrane made up of proteins, phospholipids, and lipo-oligosaccaride (LOS) ( Fig. 3) . It further contains a polyphosphate loosely attached to the surface and a polysaccharide capsule. Meningococci can be divided based on the structural differences in the polysaccharide capsule into 12 serotypes designated as A, B, C, E, H, I, K, L, W, X, Y, Z. Most infections are caused by serotypes A, B, C, Y, and W-135. 7 The capsular polysaccharides induce specific bactericidal antibodies and hence used for vaccine production except for the B-polysaccharide which is poorly immunogenic. 5 An interesting phenomenon that exists in meningococci is the ability to exchange between meningococci, the genetic material responsible for the synthesis of the capsular polysaccharide. 8 Thus, serogroup B can switch to C or vice versa. 9 Neiserria meningitidis also expresses two different classes of pili (class I or II), which are antigenically and structurally different. During infection, pili undergo rapid phase shifts and antigenic variation. 10 Adhesion to epithelial and endothelial cells is caused by pili, and they impart tissue tropism. 11 The electrostatic repulsion between the negatively charged mucosal surfaces is overcome by pili. Pili also play a role in the acquisition of homologous and heterologous DNA from the environment. 12 The trimeric proteins present in the outer membrane of the meningococci provide channels or porins, allowing low-molecular nutrients to diffuse through the outer membrane. Neiserria meningitidis expresses two porins simultaneously: a class I protein, or Por A (44-47 kDa), and either a class II (40) (41) (42) or class III (37-39 kDa) protein, Por B. Por A is cation-selective, whereas class II or III, Por B, is anion-selective. The antigenic differences between class I and class II proteins are used for serotyping meningococci. 13 The outer membrane of N. meningitidis also contains an opacity protein, a class V protein (26) (27) (28) (29) (30) kDa) that has five variants, and from none-to-all variants of the opacity protein may be expressed by a single strain. These opacity proteins can undergo antigenic variation during natural infection and help in attachment of bacteria to the tissues where CD66e and heparin sulfate proteoglycan (HSPG) act as receptors. 14, 15 Another protein designated as class IV protein is found on the outer membrane and is reduction modifiable protein (Rmp) and increases in molecular weight on treatment with a reducing agent. This protein is immunologically conserved, and the Rmp antibodies interfere with the bactericidal activity of antibodies directed to other surface antigens and are therefore known as blocking antibodies. 5 Approximately 50% of the outer membrane consists of LOS. Lipooligosaccharide consists of a core of lipid A and short sugar chains of 8-12 saccharide units. The LOS sugars undergo high-frequency phase and antigenic variation during the course of infection and are again used for immunotyping of the meningococci. 16 Vesicles, which occur as blebs, are shed by the neisserial outer membrane continuously. These blebs contain DNA, protein, and high levels of LOS, including lipid A. The LOS in these blebs is implicated in the onset of shock once the bacteria gain entrance into the circulation. 17 Based on the serologic methods to detect antigenic differences on four surface antigens, N. meningitides can be phenotypically classified into four types: capsular polysaccharide, epitopes on outer membrane proteins of classes II and III, epitopes on class I outer membrane, and LOS epitopes. Meningococcal serogroup, serotype, and subserotype characterization are of great value in epidemiologic surveillance. Serotyping is also important for vaccine development.
Genes involved in polysaccharide biosynthesis and cell surface translocation are found to be clustered at a single chromosome locus termed cps. A complete nucleotide sequencing of cps loci encoding serogroups A-C, W, and Y has been elucidated. Genomic data for other serogroups are also being identified, and additional data using multilocus sequence type (MLST) are being done these days. 18 In India, molecular characterization of group I isolates has shown a phylogenetic relationship among strains of N. meningitidis isolated in Delhi and other geographical areas by MLST to belong to the clonal complex (CC) ST-5/subgroup III and MLST sequence 4789, which is closely related to sequence type 8428 from Bangladesh. 19 
globAl EpIdEMIology
Meningococcal disease occurs worldwide as endemic disease. 20 Globally, it has been now recognized as the main etiological agent of bacterial meningitis beyond infancy and in young adults. 21 Different patterns of epidemiological behavior of meningococci are recognized, and these may be endemic, hyperendemic, epidemic, and pandemic. Globally, more than 80 countries are affected by the diseases caused by infection with N. meningitidis. 1 Annually, about 1.2 million cases of invasive infection occur, of which 135,000 deaths are related to IMD. 1 The serogroups A, B, C, Y, and W-135 are responsible for 90% of meningococcal infections, and of these serogroups, A, B, and C account for most cases of meningococcal disease throughout the world. Serogroups A and C predominate in Asia. 22 Currently, the most important cause of endemic disease in the developed countries is serogroup B, resulting in about 30-40% of infections in the United States and up to 80% of infections in the European countries and Australia. 22, 23 Group W135 disease has become increasingly important and has been related to the Hajj pilgrimage since the late 1990s. 24 Epidemic rates of meningococcal disease vary from <1-3/100,000 in many developed countries to as high as 10-25/100,000 in some developing countries. 4 These different attack rates reflect the different pathogenic properties of N. meningiditis strains and different socioeconomic, environmental, and climatological conditions. Irrespective of the serogroup involved, meningococcal disease is often seasonal in nature. Serogroups A and C disease increases during the dry season in Africa, whereas serogroups B and C peak during the winter months in the developed countries. The largest and most frequently recurring outbreaks have been in the semiarid area of sub-Saharan Africa for the last 100 years, otherwise known as the "meningitis belt". 25 The meningitis belt in Africa was first described by Lapeyssonnie in 1963 when he described a sub-Saharan region, stretching from Ethiopia to Senegal, characterized by periodic large epidemics of meningococcal meningitis. 26 The "meningitis belt" is made up of dry grassland and scrubs and is bounded in the north by the Sahara desert and in the south by humid savannah and rain forest. The area itself is dry most of the year, and the characteristic epidemics occur during the dry season. 21 The largest outbreak ever reported occurred in the meningitis belt in 1996, and the total number of cases reported to the World Health Organization (WHO) was 152,813 with 15,783 deaths. 27 In Asia, many epidemics have occurred in the last 30 years. The largest epidemic originated in northern China and spread to the south and later globally in 1980. 20 This epidemic was caused by two clones of serogroup A, one of which spread to India later on in 1983. 6 In India, outbreaks have from nearly all states in the country with the highest number of cases from West Bengal. 28 As per the National Centre for Disease Control, 29 India, an epidemic of meningococcal disease is predicted when:
• An attack rate of at least fivefold higher than that observed during previous years in the same area, or if the data for the same area are not available, an attack rate of at least fivefold higher than the rate in the similar areas of the country. • An attack rate of probable or confirmed meningococcal disease surpasses 5 cases per 100,000 population (while working out the attack rate, the preceding 3 months could be considered. Attack rate should be applied to populations of a district, and estimation of attack rates in an entire country will usually fail to detect local/focal epidemics). • Rising incidence of the disease (probable or confirmed) for three consecutive weeks in the same area also calls for immediate attention. • Occurrance of even a single case in epidemiological settings such as nursery, hostels, military barracks, and jails needs immediate attention.
trAnsMIssIon A n d rIsk FActors
For an invasive disease to occur, at least four conditions have to be met. 20 These conditions are as follows:
• Exposure to a pathogenic strain;
• Colonization of the naso-oropharyngeal mucosa;
• Passage through the mucosa; and • Survival of the meningococcus in the bloodstream.
Transmission occurs by direct contact or via droplets for a distance up to 1 meter (3 ft). Usually, the bacteria are transmitted from a nasopharyngeal carrier. 30, 31 Globally, the carriage rates of meningococci for healthy adults are described to be between 10% and 35%. 31 Individuals with close contact such as students, military recruits, and pilgrims have carriage rates approaching 100%. 32 The survival of the bacteria in the air droplets is influenced by temperature, humidity, host defense, and bacterial factors. 31 The naso-oropharyngeal mucosa in humans is the only known natural reservoir of N. meningitidis. However, it is not clear why certain strains colonize the naso-oropharyngeal mucosa and others do not, and is the subject of extensive research. Colonization occurs at the exterior surface of the mucosal cell and also intra-or subepithelially. The first step in colonization is a damage to the nasopharyngeal ciliated epithelium. This damage can be potentiated by either active or passive smoking, thus making the individual vulnerable to more invasive forms of the disease. Stressful events such as preceding viral infections also increase the chance of invasive disease. 33 Serogroups A, B, and C are more invasive than other serogroups of meningococci.
pAtHogEnEsIs
Pathogenesis of meningococcal disease involves three steps:
• Host-pathogen interaction. • Host immune response activation. • Effect on various organ systems.
Host-Pathogen Interaction
This is the first step in the pathogenetic mechanisms, and this interaction goes through the following steps:
• Nasopharyngeal colonization. • Invasion of the vascular compartments and meninges. • Survival in the blood stream.
Nasopharyngeal Colonization
Meningococcus adheres specifically to the nonciliated epithelial cells of the nasopharynx. 34 The adhesion of meningococcus to the epithelial cells is facilitated by a number of adhesion factors. The major adhesions involved are pili and the opacity proteins (Opa and Opc), and some minor adhesion factors belonging to the auto-transporter family of molecules. 35, 36 Major adhesions, i.e., pili and opacity proteins (Opa and Opc), are expressed in abundance on the bacterial surface. The pili undergo a rapid extension and retraction, thus imparting a twitching motility to the bacteria. 37 The pilus shaft is composed of pilin subunits such as Pil E, Pil S, Pil C, and Pil Q. Pil C and Pil Q promote neisserial adhesions to host cells. Other pilins undergo distinct and post-translational modifications leading to pilin glycosylation, which may promote the secretion of soluble pilin subunits. 35 Soluble pilin subunits competes with anti-pilus antibodies and host cell receptors, which further assist in the protection of the bacteria against immune challenge, as well as promoting spread by preventing further the bacterial adhesion at the original site of colonization. The opacity proteins (Opa and Opc) are expressed as outer-membrane proteins and impart the opacity to agar-brown colonies. The expressed Opa type can alter randomly as the genes encoding Opa proteins undergo frequent phase variation of expression. The meningococcal Opa proteins bind to various receptors such as carcinoembryonic antigenrelated cell-adhesion molecule 1 (CEACAM1), which is present on the epithelial and endothelial cells. Some meningococcal Opa proteins also interact with cell-surface-associated HSPGs present in the epithelial cell surface. The Opa proteins thus interact with the specific receptors and thus form a trimolecular complex with fibronectin and integrins and mediate adhesion and invasion of human endothelial cells. 34 The minor adhesions such as neisserial adhesion A (NadA) interacts with human epithelial cells through protein-protein interactions and contribute to bacterial virulence as it is expressed by 50% of disease isolates compared to only 5% of strains from healthy individuals. 34 Two other proteins known as Neisseria hia homologue A (nhhA), and adhesion and penetration protein (app) are widely expressed in virulent N. meningitidis strains, and these help in adhesion and penetration of the meningococcus into the nasopharyngeal epithelial cells. 34 The encapsulated form of N. meningitidis is most common and the capsule helps in survival of the organism outside the host. 38 It is however not unknown for acapsulate forms to pass from person to person over short distances or by direct contact. Meningococcal strains carried by asymptomatic individuals in nonepidemic situations may be capsulate or acapsulate, but in epidemic areas such as the sub-Saharan belt in Africa, carriage of the capsulate form is more commonly seen. 31, 39 Firm adhesion by pili helps in anchoring the meningococci firmly to the nasopharyngeal mucosa and prevents it from being washed away by the nasopharyngeal mucus flow. These capsulated meningococci, which escape removal by the nasopharyngeal mucus flow, and cause colonization, now undergo capsule down modulation and then bind to host receptors such as CEACAMs, HSPGs, and App. Acapsulate phenotypes engage more intimately with the epithelial cells via the outer membrane proteins Opa and Opc. After colonization in the epithelial cells of the nasopharygeal mucosae, the meningococci internalize via host receptor interactions and also by interacting with fibronectin and vitronectin (matrix proteins), and subcellular proteins such as α-actinin and traverse across the epithelium.
Invasion into the Vascular Compartment and Meninges
After internalization in the nasopharyngeal mucosae, the meningococci possibly enter the vascular compartment by gaining entry into the endothelial cells lying in close proximity to the mucosal epithelial tissues. Integrins and HSPGs, which are expressed on the basolateral surface of the endothelial cells, also aid the attachment and transport of the meningococci in a basal to apical direction to enter the vasculature. 34 The entry of meningococci into the brain requires the bacteria to cross the blood-brain barrier (BBB) made of the choroid plexus in the ventricles and the capillary endothelia. Both are lined by the cells with tight junctions. The flow rate and shear stresses imposed on the meningococci in the microcirculation of the BBB determine the rate of adhesion of the meningococci to the brain vasculature. The areas of low blood flow and low shear stress allow more meningococci to adhere to the vasculature. 40 On the other hand, pili play a major role in maintaining adherence to the endothelial cells in the areas with high flow, along with cytoskeletal rearrangements leading to a lipid microdomain formation that helps in resisting shearing forces once bacteria are bound. 41 The bound meningococci are then internalized by the endothelial cells and transcytosed to further enter the meninges. The disruption of the intercellular junctions by pili-induced signaling in endothelial cells also enables meningococcal passage. 42 Both the opacity proteins Opa and Opc also enhance bacterial adhesion and entrance into the meninges. 34 Once the BBB is breached, meningococci release pro-inflammatory cytokines by interacting with the cells lining the leptomeninges and cause the inflammatory reactions resulting in meningitis.
Survival in the Blood Stream
In the blood stream, the meningococci encounter a number of host-killing mechanisms, like antibody/complement-mediated lysis and opsonophagocytic killing. Therefore, only the capsulated meningococci survive in the blood stream using a number of mechanisms described below. 34 The amount of LOS on the surface of the meningococci influences the ability of the meningococci to resist host killing. 43 Meningococci then recruit negative regulators of complement to promote serum resistance. Factor H recruitment is done by factor H-binding protein (fHbp), a 27 kDa lipoprotein expressed by all meningococci. The porin Por A also binds a complement regulator, C4-binding protein, which increases serum resistance. Both Por A and Por B are also involved in bacterial uptake via rearrangement of the cytoskeleton. 44 The Por B localizes in the mitochondrial compartment and leads to anti-apoptotic effect on the epithelial cells and enhances the survival of the meningococci up on apoptotic stimuli. 45 The formation and insertion of membrane attack complexes is prevented by vitronectin (a bacterial adhesion protein). Direct binding to vitronectin also helps the Opc-expressing bacteria to resist serum killing. The engagement of CEACAM by Opa-expressing meningococci may also lead to the meningococci escaping the process of killing by promotion of neutrophil cell death. 34 Thus, the meningococci interact with several regulators of the complement pathways and increase their survival in the blood.
Activation of the Host Immune System
Once viable meningococci have reached the bloodstream, the degree of bacteremia and the host immune status determine the various forms of disease manifestations. In patients with low bacteremia, meningococci are cleared spontaneously, clinically perhaps mimicking a transient flu-like episode. 46 In other patients in whom the bacteremia is not cleared, the clinical manifestations become overt. The severity of the manifestations depends on the continuing survival of the meningococci in the blood stream and the ability of the meningococci to multiply in large numbers. 47 Immunoprotection in meningococcal infection is offered most effectively by development of specific antibodies. 47 The complement pathway, i.e., the classical pathway through antibody production, alternate pathway through properidin, and the mannose binding lectin pathway are all important for protection against meningococcal disease. Endotoxin release appears to be the most important trigger for the host immune response, and the severity of meningococcal disease is directly proportional to the levels of circulating endotoxin. 48 The property of meningococci to release blebs of the outer membrane vesicles is very characteristic, and these blebs are rich in endotoxin. The release of these characteristic blebs probably plays an important role in releasing large quantities of endotoxin into the bloodstream. 49 These blebs can be visualized in the plasma and CSF in invasive forms of the disease. 35 Patients with shock have meningococcal strains, which liberate more endotoxin than those from patients with benign chronic meningococcemia. 50 Endotoxin responsiveness to cytokines produced during invasive disease is genetically determined and different among individuals. The endotoxin binds to circulating endotoxin binding proteins and thus causes increased binding of endotoxin to the macrophages and activates the macrophages and a large number of other inflammatory cells. The principle cellular receptor for endotoxin is CD14. 51 A number of proinflammatory cytokines such as tumor necrosis factor α (TNF-α) and interleukin 1β (IL-1β) are produced along with an increased production of interferon γ by T cells and natural killer cells. Neutrophils also contribute greatly to the inflammatory process by producing reactive oxygen species and degranulation resulting in the release of a large number of inflammatory proteins, proteases, and other enzymes that degrade tissues. 47 These products are responsible for a number of effects on the various organ systems. A recent article gives an extensive discourse on the interaction between the meningococci and the host-complement system and how it can evade being killed once it is exposed to the immune responses. 52
Effect on Various Organ Systems
The meningococci, which survive the immune-mediated killing in the vascular compartment and meninges, result in various effects on the different organ systems. They are described below:
Microvascular Injury in Meningococcal Sepsis
The pathophysiological changes that occur in meningococcal septicemia are related to the major changes that occur in the finely regulated functions of the microvasculature. These highly specialized properties of the vascular endothelial surface such as regulation of vascular permeability are lost during the inflammatory process. Four basic processes affecting the vasculature are as follows:
Increased vascular permeability: Degradation of endothelial surface proteins by enzymatic reactions and loss of the surface endothelial glycosaminoglycans result in increased vascular permeability 53 leading to the loss of intravascular fluid due to capillary leak and causes hypovolemia and shock. A subsequent loss of compensatory mechanisms leads to an impaired cardiac output. This leak occurs in all vascular beds. 54 An increased loss of urinary albumin similar to that occurring in nephritic syndrome takes place, and this compounds the loss of fluid and electrolytes. 55 The capillary leak also leads to accumulation of protein-rich fluids in the peritoneal and pleural spaces, and intraalveolar spaces in the lung parenchyma thus leading to pulmonary edema and respiratory failure.
Vasoconstriction and vasodilatation: An important early protective mechanism to maintain tissue and organ perfusion in the face of diminished cardiac output is the onset of compensatory vasoconstriction. Patients with meningococcal sepsis initially have intense vasoconstriction clinically manifesting as cold peripheries and sluggish circulation to the tissues. This intense vasospasm may persist in some patients and lead to cold, pale, and ischemic limbs. Subsequently, thrombosis occurs within the microvasculature leading to gangrene. On the other hand, some patients have intense vasodilatation following resuscitation. These patients have bounding pulses and warm peripheries but severe hypotension and organ dysfunction (warm shock). Some patients may have a mix of both vasoconstriction and vasodilatation.
Loss of thromboresistance and intravascular coagulation:
The normal vascular endothelium has a finely balanced interaction of procoagulant, antithrombotic, and thrombolytic pathways. In meningococcal sepsis, there is a disruption of this balance leading to the activation of procaogulant pathways and impairment of the natural anticoagulant pathways and fibrinolytic system. Procoagulant pathway upregulation leads to a generation of intravascular thrombin, which in turn binds to proteins C and S (main antithrombotic proteins) and thus affects all antithrombotic mechanisms. There is a decrease in the levels of prostacyclin and antithrombin production, decreased secretion of proteins C and S, increased plasminogen activator inhibitor-1 (PAI-1), and tissue factor expression. 56 The levels of PAI-1 increase to a great extent in meningococcal sepsis and have a direct correlation with the severity of the disease and death. 55, 57 High levels of PAI-1 along with profound defects in antithrombotic mechanisms lead to widespread intravascular thrombosis. On the other hand, sluggish circulation due to impaired cardiac output leads to venous thrombosis. 57 
Myocardial dysfunction
Myocardial dysfunction in meningococcal sepsis occurs secondary to negative inotropic effects of various proinflammatory cytokines such as nitric oxide, TNF-α, and IL-1β. 58, 59 Moreover, hypoxia, acidosis, hypoglycemia, hypokalemia, hypocalcaemia, and hypophoshatemia, which are all common in meningococcal sepsis, adversely affect myocardial function. The levels of cardiac troponin 1 are increased in meningococcal septicemia and correlate with the severity of the disease. 60 All the above four processes result in impairment of microvascular blood flow to the tissues and organs of the body leading to shock and multiorgan failure.
Renal Impairment
Some evidence of renal injury secondary to impaired renal perfusion related to the severity of shock is seen in most patients with meningococcal sepsis. Persistence of the decreased renal perfusion leads to oliguria and anuria with a rise in serum urea and creatinine. 47 In a majority of patients, the renal impairment is transient and responds to fluid resuscitation but progression to vasomotor nephropathy and acute tubular necrosis is seen in a small group of severely affected patients. 47 
Pulmonary Effects
Capillary leak leads to early pulmonary involvement. This causes tachypnea, increased work of breathing, and ultimately progresses to hypoxic respiratory failure. Volume resuscitation and expansion of the circulating volume compound the problem by inducing more capillary leak, increased intraalveolar fluid, and finally pulmonary edema and respiratory failure.
Gastrointestinal Effects
Most patients will have some gastrointestinal involvement secondary to shock with some having profound gastric ischemia, ileus, and occasional perforation. 61 
Central Nervous System Effects in Meningococcal Septic Shock and Meningitis
The effects on the central nervous system can be due to direct invasion of the meninges by the bacteria or secondary to shockinduced impaired organ perfusion. Most patients will have both. A significant proportion of patients with meningococcal meningitis develop raised intracranial tension secondary to the inflammatory process within the brain. Those who have profound shock invariably show diminished consciousness and are at risk of cerebral infarction if the circulation is not improved.
clInIcAl FEAturEs
Based on the pathophysiological events, patients with IMD can be classified into four groups: 62 • patients with bacteremia without shock; • patients with bacteremia with shock but no meningitis; • patients with bacteremia and meningitis; and • patients with meningitis alone.
A simpler classification is into three main groups-meningitis, meningococcemia, and meningitis with meningococcemia. Classifying patients into one of these clinically recognizable groups is helpful for clinical decision making like the initiation of immediate and maximal intensive care support.
Meningococci usually cause infection in children from 3 months to 5 years, and a second peak occurs in adolescents. 63 The most common presentation is meningitis (30-60%) due to the inherent and characteristic tropism of N. meningitidis toward the meninges. Characteristically, patients with meningococcal meningitis present with fever, severe headache, vomiting, neck stiffness with positive meningeal signs, photophobia, drowsiness, and confusion. It is not mandatory for meningococcal meningitis to be associated with rash. In our own experience from Meghalaya, rash was seen in only 24% of the cases. 64 Seizures are present in 40% of cases. Young infants usually present with generalized symptoms such as fever, decreased activity, poor feeding, drowsiness, and seizures unlike older children and adolescents. Rash is seen very rarely in infants. 63, 65, 66 Meningococcemia has a more abrupt presentation with fever, chills, nausea, vomiting, myalgias, and the classical purpuric or petecchial rash with or without bullae formation. The absence of meningitis is a poor prognostic factor. Some studies have shown that children under 16 years frequently show the general symptoms of sepsis (leg pain, cold extremities, and abnormal skin color) in the first 12 hours of IMD (median onset 7-12 hours), particularly in severe meningococcemia, whereas the classic features like hemorrhagic rash, meningism, and impaired consciousness are late signs (median onset 13-22 hours). 67 Some may present with chronic meningococcemia, and these patients usually have intermittent fever, rashes, arthritis, headaches, splenomegaly, endocarditis, and immune reactions. Meningococcal septicemia is primarily characterized by a classical purpuric rash in a patient who is febrile and tachycardic. The dictum is to always consider meningococcal septicemia in an unwell child with a purpuric rash unless proved otherwise. 66, 67 The purpuric rash may vary widely in patients with some having faint rashes to more prominent ones known as purpura fulminans (Fig. 4) .
The standard case definition of meningococcal meningitis and meningococcemia is as follows (2015 Centres for Disease Control and Prevention (CDC) case definitions): 68 suspEct • Clinical purpura fulminans in the absence of a positive blood culture, or • Gram-negative diplococcic, not yet identified, isolated from a normally sterile site (e.g., blood or CSF) probAblE • Detection of N. meningitidis-specific nucleic acid in a specimen obtained from a normally sterile body site (e.g., blood or CSF), using a validated polymerase chain reaction (PCR) or • Detection of N. meningitidis antigen:
• In formalin-fixed tissue by immunohistochemistry (IHC) or • In CSF by latex agglutination.
conFIrMEd
• Detection of N. meningitidis-specific nucleic acid in a specimen from a normally sterile body site (e.g., blood or CSF) using a validated PCR assay or • Isolation of N. meningitidis:
• from a normally sterile body site (e.g., blood or CSF, or less commonly, synovial, pleural, or pericardial fluid) or • from purpuric lesions.
Severe meningococcal disease progresses rapidly to shock, multiple organ failure and death within 24 hours. In our own experience, very sick patients died within a few hours of hospital admission. 64 The first 4-6 hours patients have nonspecific symptoms such as fever, drowsiness, nausea, and poor feeding. In the next 12 hours, nonspecific signs of sepsis such as leg pain, cold hands and feet, and abnormal color appear. The classical rapidly evolving purpuric rash, neck pain, and stiffness usually develop after 12 hours. 69 Unfortunately, most of the cases of meningococcal disease are diagnosed after the appearance of the late signs, and it is not infrequent for children who are admitted to hospital to have been initially misdiagnosed. Literature promotes the "tumbler test" (pressing a transparent tumbler or glass on the rash for a few seconds) to parents as a way of confirming the nonblanching nature of the rash. 70 If the non-blanching rash is purpuric (more than 2 mm in diameter) in an ill febrile child, then meningococcal disease is very likely. About 11% of children with an exclusively petechial rash will have a meningococcal disease. 71 Most others will have viral infections. Up to 30% of children with meningococcal disease may present with a nonspecific maculopapular rash. 72
MAnAgEMEnt
Urgent and aggressive management is the key to management of this potentially fatal disease. The treatment receives priority over investigations. Studies have shown that early institution of parenteral antibiotic significantly reduces mortality. No differentiation between meningococcemia and meningitis should be made during management as consideration of cases as only meningitis leads to a failure of anticipation of the development of shock and its timely management. 68 Rapid progression can occur even after admission. 73 The initial management consists of a quick goal-directed assessment followed by securing the airway and addition of supplemental oxygen and supported by ventilation wherever the need arises. Parenteral antibiotic should be given as soon as possible, and especially if one needs to transport the patient, the emergency team should give the first dose of antibiotic while the patient is being transported. Treatment receives priority over investigations as the primary aim is to achieve a reduced "door to needle time" (i.e., the time between the first arrival at a health facility and the first dose of antibiotic), which has been seen to influence 74 During management in the hospital, one must anticipate the development of shock, vomiting, and respiratory failure. Some important early interventions are comprised of insertion of a nasogastric tube, early intubation, and ventilation with 100% oxygen without waiting for respiratory failure to develop especially in patients with septicemia.
crItIcAl poInts I n MAnAgEMEnt o F MEnIngococcAl dIsEAsE
Shock Shock in meningococcemia is of multifactorial origin-widespread capillary leak, loss of vasomotor tone, maldistribution of intravascular volume, impaired myocardial function, and impaired cellular function. An early recognition of shock is crucial as it leads to early intervention and improved outcome. 74 Tachycardia may be the only early sign present in the early phase of the disease and should be enough to mandate fluid resuscitation. The goal of circulatory management is to maintain tissue perfusion and oxygenation. An intraosseous line is inserted in case of failure of intravenous access in the first 90 seconds. Repeated fluid boluses comprising 20 mL/kg of isotonic saline are given initially till shock resolves. In case shock persists after 60 mL/kg of fluid, then further fluids increase the risk of pulmonary edema and such patients need transfer to a tertiary center for elective intubation, mechanical ventilation, and insertion of a central venous pressure (CVP) line. Fluid resuscitation is then continued followed by addition of dopamine and/or dobutamine on the basis of volume status assessments by using the blood pressure, pulse volume, capillary refill time, and CVP measurements. Many children with meningococcal disease may require as high as 100-200 mL/kg of fluid resuscitation but such patients also require mechanical ventilation. In our own experience, we had to use normal saline from 20 to 200 mL/kg. 64 Some studies have shown that 4.5% albumin is more useful as a resuscitating fluid. 73 The children with meningococcal disease are known to present with severe sepsis and lower serum albumin levels and may therefore benefit from 5% albumin. Albumin is routinely used by many pediatric intensivists in the UK, and over the last 20 years, there has been a significant reduction in the mortality (decreased up to 2%) in patients with meningococcal disease; the routine use of albumin may play a role along with other factors. 74 The National Institute for Health and Clinical Excellence (NICE), U.K., guidelines 75 recommends using 20 mL/kg of isotonic saline or 4.5% albumin solution for the subsequent boluses. However, in our experience we have used only normal saline or Ringer's lactate as a resuscitating fluid and not albumin. Shock must be treated aggressively. Persistent shock has an adverse impact on survival in a time-dependent manner with at least a two-fold increase in mortality for every hour of delay in treatment. 70 When shock is reversed within 75 minutes of presentation, there is a 94% rate of survival. 74 If a child presents with signs of shock and hepatosplenomegaly or rales, it may indicate coexistent myocardial dysfunction, and fluid resuscitation must be done with extreme care and caution. Maintenance fluids are given with a careful assessment of intravascular status. There is no role of fluid restriction unless there is evidence of raised intracranial pressure (ICP) or syndrome of inappropriate antidiuretic hormone secretion (SIADH). 75 Patients may present with generalized anasarca due to a capillary leak or SIADH (Fig. 5 ).
Hemodynamic Support
The first-line treatment of hemodynamic disorder in meningococcal disease is with fluids. If the child remains unstable even after adequate fluid resuscitation, then vasoactive drugs are needed. The first-line vasopressor is noradrenaline for the treatment of hypotension infused via a central line. In the absence of noradrenaline, dopamine can be given. In case of associated myocardial dysfunction, dobutamine is to be used. In our experience, we have used mostly dopamine and dobutamine as vasopressors with good response.
Intubation and Mechanical Ventilation
It is mandatory to ventilate patients with shock not only to avoid risk of pulmonary edema but also to reduce the work of breathing and oxygen consumption. The NICE guidelines recommend elective intubation and mechanical ventilation with vasoactive drugs once 60 mL/kg of fluids are required for volume resuscitation. 75 A low glasgow coma scale (GCS) (<8), hypoxia, respiratory failure, pulmonary edema and raised ICP are also other indications for elective intubation. Rapid sequence intubation is the preferred method. However, shock should be corrected before intubation as induction anesthesia may exacerbate the shock. If there is no evidence of raised ICP, then ketamine may be used because of its ability to have a positive effect on the hemodynamic status along with atropine to circumvent reflex bradycardia, which may worsen shock. Intubation must be performed by a professional with good experience in pediatric airway management.
Choice of Antibiotic
The cornerstone of therapy in meningococcal disease is appropriate antibiotics. The factors that influence the success of antibiotic therapy are the timing of the antibiotic, the ability of the antibiotic to penetrate the tissues, and the presence of antibiotic resistance. Broad spectrum antibiotics should be used. The most widely used antibiotics in the world are Penicillin G, ceftriaxone, and cefotaxime. Increasing reports of reduced susceptibility of N. meningitidis to Penicillin has come from various parts of the world, 76, 77 and therefore, the recommended first-line therapy in the present scenario is ceftriaxone. In 2010, in Latin America, of the 506 strains of N. meningitidis tested for antibiotic susceptibility, 87% were susceptible to Penicillin and 13% had intermediate susceptibility.
None of the strains were resistant. All the strains were also sensitive to chloramphenicol. 66 However, in our experience we had patients with good response to ceftriaxone only in the beginning of the epidemic. After about 6 months of the epidemic, there was a poor clinical response to ceftriaxone and antibiotic policy in our unit was revised to intravenous chloramphenicol for 7 days with a good response. 64 There are other reports of ciprofloxacin and ceftriaxone resistance from India. 78, 79 The second-line therapy consists of vancomycin and azithromycin. Though there are no studies to demonstrate the adequate duration of antibiotic therapy for N. meningitidis, classically a 7-day course of antibiotic is followed. 80, 81 
Correction of Metabolic Abnormalities
Metabolic abnormalities such as metabolic acidosis, hypokelemia, hypocalcemia, hypomagnesemia, hypophosphatemia, hyponatremia, and hypernatremia are common and require management accordingly. Hyponatremia is usually caused by SIADH, cerebral salt wasting or adrenal insufficiency due to Waterhouse-Friderichsen syndrome. Magnesium replacement is required in cases of persistent hypokelemia. Bicarbonate infusions are indicated if the pH is less than 7.2. In our experience, there have been a significant number of patients who have progressed rapidly to develop diabetes insipidus (DI), which required an aggressive management with hypotonic fluids and vasopressin. All our patients with DI had 100% mortality. 64 Hyperglycemia secondary to stress, peripheral resistance to insulin, and allied anabolism is quite common. In children with meningococcal disease, a small cohort of patients showed an association between hyperglycemia and severity of disease. In these patients, hyperglycemia was associated with low levels of insulin in contrast to findings in adults. 82 Severe hyperglycemia (blood glucose >200 mg/dL) should be treated with insulin.
Raised ICP
Small proportion of patients present with raised ICP. In those with raised ICP, there is a decreased cerebral blood flow due to hypotension or raised ICP itself. Raised ICP is managed with mannitol, 3% saline, controlled mechanical ventilation aiming at a pCO 2 of 30-35 mm Hg, and sedation if required. In case of coexistence of shock with raised ICP, the management of shock takes precedence over raised ICP. The best therapy for the control of raised ICP is adequate control of blood pressure. Cannulation of the internal jugular vein must be avoided in patients with raised ICP. In patients with raised ICP (reduced or fluctuating level of consciousness, i.e., GCS of <9 or a drop of 3 or more), relative bradycardia and hypertension, focal neurological signs, abnormal posture, or posturing, unequal, dilated, or poorly responsive pupils, papilledema, abnormal "doll's eye" movements, shock, extensive, or spreading purpura, recent convulsions and child yet to be stabilized, coagulation abnormalities, local infection at the LP site, and cardiorespiratory insufficiency, the lumbar puncture must be deferred. 75 In fact, it is recommended that anti-meningitic doses of antibiotic must be initiated without waiting for a LP. 65 All patients with a GCS of ≤ 9 must be admitted in a pediatric intensive care unit.
Seizures
Seizures may be the first manifestation of meningitis. Treatment comprises airway protection, ensuring adequacy of breathing, and circulation and measurement of blood glucose and electrolytes.
The seizures are treated with benzodiazepines, phenytoin, or phenobarbitone. Such patients would require monitoring for respiratory depression and need for elective intubation and mechanical ventilation especially in those with status epilepticus.
Steroids
The NICE guidelines recommend the following as far as steroids use are concerned in meningococcal meningitis: 75 • Steroids are contraindicated in children younger than 3 months of age who have suspected or confirmed bacterial meningitis. • Dexamethasone at 0.15 mg/kg per dose to a maximum of 10 mg, four times a day for 4 days for suspected or confirmed bacterial meningitis as soon as possible if lumbar puncture shows any of the following: frankly purulent CSF, CSF with white blood cell (WBC) count >1,000/mm 3 , increased CSF WBC count with protein concentration >1 g/L, bacteria on gram stain.
Other studies have also recommended the routine use of dexamethasone in meningococcal meningitis as it is not associated with any adverse outcome and in fact decreases the incidence of arthritis. 66 This is said to reduce neuronal damage if given prior to the first dose of antibiotic. Steroids are not indicated in meningococcal shock unless there is suspicion of hypoadrenalism in which case hydrocortisone at a dose of 1 mg/kg is given six hourly.
Coagulation Disorders
Coagulopathy is frequent and multifactorial. Shock induces endothelial damage, vasculitis, and disseminated intravascular coagulation (DIC). No effective therapies for coagulation disorders associated with meningococcal disease exist. Mild clotting abnormalities may not be treated as they are well tolerated. Fresh frozen plasma (FFP) is recommended in severe coagulopathy. In our experience, we have used intravenous vitamin K and if required FFP with good results. 64 Currently, the best treatment for meningococcal-related coagulopathy is the optimal management of shock.
Limb Ischemia/Poerfusion
Necrotic areas can consume clotting factors and worsen coagulopathy. These areas also serve as reservoir for bacteria. Necrotic areas must be monitored carefully and surgical debridement must be done if extensive. The use of hyperbaric oxygen has been reported for the management of such necrotic tissues. 83
Arthritis
Arthritis may occur early in the disease due to direct bacterial seeding of the joints. However, arthritis may be seen in the subacute or convalescent phase of the illness due to immune-complex reactions. The treatment of the bacterial arthritis consists of antibiotics and drainage of joint fluid if needed. Immune complex reactions are usually treated with nonsteroidal anti-inflammatory drugs or steroids. In our experience, we had one such patient with immunecomplex-mediated arthritis in whom we had to use intravenous immunoglobulin as a last resort and with excellent response. 84
prognostIcAtIon I n MEnIngococcAl dIsEAsE
Meningococcal disease remains a challenge because of its potential fulminant behavior. To meet the need for a rapid clinical-based assessment, several prognostic scoring systems have been devised. Among these, the most popular are the Stiehm and Damrosch (Table 1 ) and the Glasgow meningococcal septicaemia prognostic score (GMSPS) ( Table 2) . 85, 86 Case fatality in IMD is about 10%. Despite advanced intensive care management, case fatality from fulminant meningococcal disease still remains at about 50-60% and most commonly occurs from cardiac or respiratory failure. 87
cArE F o r rElAtIvEs A n d cArE gIvErs
The occurrence of meningococcal disease in household contacts is 100-fold higher than in the normal population. 81 So, all close contacts require chemoprophylaxis. Close contacts include household members, child-care center contacts, and anyone directly exposed to the patient's oral secretions in the 7 days preceding symptoms. Rate of secondary disease is most after the onset of disease in the index patient. Therefore, antimicrobial chemoprophylaxis should be administered ideally within 24 hours of the identification of the index patient. 88 The drugs used for chemoprophylaxis are ciprofloxacin, ofloxacin, rifampicin, azithromycin, and ceftriaxone as per the doses mentioned in Table 3 . 29, 89 
Vaccination and Prevention of IMD
The epidemiology of meningococcal disease is such that in most places, the infection continues to simmer for 10 years or so with the propensity to cause intermittent epidemics. So, immunization forms an important way to prevent the disease. All close contacts and healthcare workers managing the cases in the wards, and microbiologists should be routinely vaccinated against the disease.
The vaccines that were available were the polysaccharide bivalent A-C vaccine, trivalent ACW135 and tetravalent ACYW135. Subsequently, better conjugate meningococcal vaccines have become available worldwide. The conjugation is done with diphtheria toxin (DT), CRM 197, and tetanus toxoid (TT). The conjugate vaccines currently used are the monovalent Men A TT (Men Afri A), monovalent Men B vaccine (available as Trumenda and Bexsero), HibMen C (conjugated with TT), and tetravalent conjugate Men ACWY vaccines conjugated with CRM 197 (Menveo), TT (Nimenrix), or DT (Menactra). Currently, Serum Institute of India is working on producing a pentavalent thermostable meningococcal vaccine (ACYW135X).
Different countries have different recommendations for vaccination based on the prevalent epidemiology in the region. In most European countries, the United States, Australia, and New Zealand, infants would receive 2-3 doses of Men B starting at 6-8 weeks of life followed by two doses of Men ACWY between 9 months and 23 months of age and a booster at 11-16 years of age. Men B is also recommended for children above 10 years or older if they live in the areas with high risk of Men B disease, those with apslenia or have undergone a splenectomy, persistent complement deficiency, on immunosuppresants or are exposed to the bacteria in the microbiology laboratories. The Advisory Committee on Immunization Practices of the CDC recommends that the quadrivalent meningococcal conjugate vaccine (ACWY) be given to all children between 11 years and 18 years of age, and to those between 2 years and 55 years of age who are at increased risk of meningococcal disease, i.e., those with increased susceptibility such as persistent complement component deficiencies (C3, properdin, factor D, and late complement deficiencies), persons with anatomic or functional asplenia, those who have prolonged exposure (e.g., microbiologists routinely working with N. meningitidis, or travelers to, or residents of countries where meningococcal disease is hyperendemic or epidemic), persons with HIV, and first-year college students in resident halls. 90 Vaccine is also recommended for outbreak control. In India, the Indian Academy of Pediatrics recommends the Men ACWY from 9 months to 23 months (2 doses 3 months apart), and in 2-50 years for high-risk groups. 91 As per NCDC, meningococcal vaccines in India are recommended for Hajj pilgrims and other travelers visiting countries where meningococcal disease is a major problem or where frequent outbreaks occur, highrisk group like children in orphanages, jail inmates, and soldiers in barracks, and in mass vaccination during epidemics. 29 • Petechiae present for less than 12 hours before admission • Hypotension (systolic blood pressure <70 mm Hg) • Absence of meningitis (<20 WBCs in CSF) • Peripheral white cell count <10,000/mm 3 • ESR < 10 mm/hour *When three or more factors were present, mortality was 90%, and when two or less factors were present, mortality was 9% 85 • It is one of the emerging infectious diseases with new areas being affected. Epidemics continue to occur with mostly serogroups A, C, Y, and W-135. Serogroup B is more common in the developed countries and in infants. • The organism has great capacity to adhere to human epithelial cells and internalize by various mechanisms inherent to its structure and composition. • Clinical effects are dramatic and may be in the form of septicemia, meningitis, or both. Almost all organ systems are affected. • Early and aggressive therapy improves survival dramatically.
• Prognosis is greatly affected by a reduced "house-to-hospital"
and "door-to-needle" time. 
